Hypertension complicates 5% to 7% of all pregnancies. A subset of preeclampsia, characterized by new-onset hypertension, proteinuria, and multisystem involvement, is responsible for substantial maternal and fetal morbidity and is a marker for future cardiac and metabolic disease. This American Society of Hypertension (ASH) position paper summarizes the clinical spectrum of hypertension in pregnancy, focusing on preeclampsia. Recent research breakthroughs relating to etiology are briefly reviewed. Topics include classification of the different forms of hypertension during pregnancy, and status of the tests available to predict preeclampsia, and strategies to prevent preeclampsia and to manage this serious disease. The use of antihypertensive drugs in pregnancy, and the prevention and treatment of the convulsive phase of preeclampsia, eclampsia, with intravenous MgSO 4 is also highlighted. Of special note, this guideline article, specifically requested, reviewed, and accepted by ASH, includes solicited review advice from the American College of Obstetricians and Gynecologists. J Am Soc Hypertens 2008;2(6): 484 -494.
Introduction
Hypertension, complicating 5% to 7% of all pregnancies, is a leading cause of maternal and fetal morbidity, particularly when the elevated blood pressure (BP) is due to preeclampsia, either alone (pure) or "superimposed" on chronic vascular disease. 1, 2 Preeclampsia is a major cause of preterm birth and an early marker for future cardiovascular and metabolic diseases, whereas preterm delivery is associated with immediate neonatal morbidity and has been linked to remote cardiovascular and metabolic disease in the newborns. [2] [3] [4] [5] [6] This bleak clinical picture and its large economic burden has been known for decades. Still, even in the current millennium, the hypertensive disorders of pregnancy remain among the most understudied areas and one of the lowest recipient of research funds compared with other diseases in terms of disability adjusted life years. 7 This dearth of research progress is a major factor underscoring decades of controversies that surrounded the classification, diagnosis, and management of the hypertensive disorders of pregnancy. More recently, we have witnessed an upsurge of investigative interest and achievements, mainly in regard to preeclampsia. In addition, national working groups have presented consensus documents aimed at achieving consistency in diagnosis and management of these diseases. 8 -11 One example is the National High Blood Pressure Education Program (NHBPEP) report, last updated in 2000, 10 and coordinated with more recent practice bulletins of the American College of Obstetricians and Gynecologists. 12 This American Society of Hypertension, Inc. (ASH) position paper presents a précis of the hypertensive disorders complicating pregnancy, including whether they can be predicted and/or prevented, and guidelines for their management. It also incorporates solicited input from the American College of Obstetrics and Gynecology.
Cardiovascular and Volume Changes in Normal Gestation
Striking alterations in both cardiovascular function and volume homeostasis occur during normal pregnancy; knowledge of these normal adaptations is requisite to the early detection and optimal management of preexisting or new-onset disease. [13] [14] [15] Large increments in cardiac output, accompanied by marked increases in intravascular and extracellular volume, occur rapidly during the first half of pregnancy, then plateau or rise more slowly thereafter. BP falls, with decrements starting in early gestation and reaching a nadir near mid-pregnancy ( Figure) . The decrease in pressure is modest compared with the increases in cardiac output and intravascular volume, mainly because of concurrent large increase in global vascular compliance. 14 Other changes include early renal vasodilatation and hyperfiltration, and marked stimulation of the renin-angiotensin-aldosterone system (RAAS). 13, 15 The latter is characterized by high levels of all measured elements of the RAAS chain, which react appropriately to volume-change stimuli around new steady-state set points. 15 There are also marked increases in free levels of other corticoids including those with both sodium retaining (eg, desoxycorticosterone) and natriuretic (eg, progesterone) potential. 15 Clinical relevance of these changes includes the following. Undiagnosed chronic hypertension may be masked in early pregnancy because of the initial decrease in pressure, then misdiagnosed as a gestation specific disorder when abnormal values appear later in pregnancy. Though hypertension in pregnancy remains defined as a BP Ն140 mm Hg systolic or 90 mm Hg diastolic, diastolic levels of 75 mm Hg in the first and 85 mm Hg in the second trimester or systolic values of 120 mm Hg in mid-pregnancy and 130 mm Hg in late gestation may be abnormally elevated for some women. 16 -18 In this respect, data from two studies (totaling Ͼ30,000 women) suggest that diastolic pressures Ͼ85 mm Hg or mean arterial pressures of Ն90 mm Hg at any stage of gestation are associated with significant increases in fetal mortality. 16, 17 Another caveat is that the rise in glomerular filtration rate (GFR) that normally occurs in pregnancy results in lower levels of creatinine and urea nitrogen. Failure to appreciate this (eg, failure to appreciate that creatinine levels of 0.9 or 1 mg/dL are abnormal in gestation) may lead one to miss evidence of preexisting nephrosclerosis or other renal diseases; the latter disorders are associated with higher incidences of superimposed and often severe preeclampsia. Finally, the marked stimulation of the RAAS in normal pregnancy combined with few published data to differentiate between the normally or excessively aldosterone levels in gestation makes diagnoses of primary aldosteronism difficult. 15 
Measurement of BP
Previous methodologic controversies have been resolved, with the current consensus being that BP during pregnancy is best measured with the woman sitting quietly for several minutes, the arm cuff at heart level, and diastolic pressure designated at the 5th Korotkoff sound. It is now apparent that the lower levels associated with measurements recorded when subjects are positioned in lateral recumbence merely reflect differences in hydrostatic pressure when the cuff is positioned substantially above the left ventricle (reviewed elsewhere).
14 Older views suggesting that gravid women manifest large differences between the 4th Korotkoff (muffling) and 5th Korotkoff (disappearance), with the latter occasionally approaching zero because of their hyperdynamic circulations, have been disproved, and 5th Korotkoff has been established as the sound closest to true diastolic pressure. 15, 19 Hypertension is defined as levels that are Ն140 mm Hg systolic or Ն90 mm Hg diastolic (preferably confirmed by two readings 4 to 6 hours apart). 11, 12 Previously, an increase of 15 mm Hg diastolic and 30 mm Hg systolic, respectively, even if the final value Ն140/90 mm Hg was also included in the definition. However, data demonstrating that outcomes are similar irrespective of the magnitude of rise when values remain below 140/90 mm Hg, have led consensus groups to delete this latter definition. Nevertheless, the NHBPEP consensus report 11 stressed that patients with BPs below the 140/90 mm Hg cut-off who have experienced a 30 or 15 mm Hg rise in systolic and diastolic levels, respectively, be managed as high-risk patients. Of interest, these differences in defining hypertension are one reason for discordant find- ing in areas such as epidemiology and outcome research, now hopefully resolved.
Classifying Hypertension in Pregnancy
Caregivers have been and continue to be confused by the multiple terminologies, some complex and detailed, used to classify the hypertensive disorders of pregnancy. For example, the terms toxemia, gestosis, pregnancy-induced hypertension, and preeclamptic toxemia have each been used to classify the disorder we will label preeclampsia. The same term might have different meanings depending on the schema in which it was published. For example, pregnancyinduced hypertension could signify both gestational hypertension and preeclampsia to some, whereas others require pregnancy-induced hypertension plus proteinuria to signify preeclampsia. The terminology used here is that recommended by the NHBPEP Working Group 11 and is concise and practical. In it, BP in pregnancy is considered in only four categories:
1. Preeclampsia-eclampsia. 2. Chronic hypertension of any cause. 3. Preeclampsia superimposed on chronic hypertension. 4. Gestational hypertension.
Preeclampsia, pure or superimposed (categories 1 and 3), is the disorder most often associated with severe maternal-fetalneonatal complications (including fatalities). Most women in category 2 have essential hypertension, mostly mild (Յ105 mm Hg) in intensity, their pregnancies usually (but not invariably) uncomplicated. On occasion, the high BP is secondary, from known causes including endocrine tumors, renal artery stenosis, and renal disease, and some of these pregnancies do poorly. Pheochromocytoma, though rare, may present for the first time during pregnancy and is especially lethal when unsuspected, but if diagnosed it can be managed to a successful outcome, either surgically or pharmacologically, depending on the stage of gestation. 20, 21 Cushing's syndrome, also rare, has been associated with exacerbations of hypertension during pregnancy and poor fetal outcomes, 20, 22 and anecdotal reports of serious and fatal complications in pregnant women with scleroderma and periarteritis nodosa, particularly when these latter disorders involve the kidneys. 15 On the other hand, pregnancy may diminish the kaliuresis and BP rise associated with primary aldosteronism, perhaps related to the increase in circulating progesterone levels, hypertension, and hypokalemia represented postpartum when progesterone levels decline. 20, 23 Finally, angioplasty and stent placement have been successfully performed on pregnant women with renal artery stenosis. 20 Gestational hypertension is characterized by mild to moderate elevation of BP after mid-gestation but without abnormal proteinuria, usually near term (though more severe forms of hypertension have been described, and some of these patients are actually preeclamptics who shortly thereafter manifest other signs and symptoms of that disorder). Although the cause of gestational hypertension is unclear, this entity appears to identify women destined to develop essential hypertension later in life (analogous to the relationship of gestational diabetes to the subsequent development later in life of type 2 diabetes mellitus). 24, 25 BP returns to normal, during the immediate puerperium (at which point some relabel the entity transient hypertension). Many of these women are hypertensive in one, some, or all of their subsequent pregnancies.
There is an entity termed late postpartum hypertension that describes women with normotensive gestations who develop high BP (usually mild) several weeks to 6 months after delivery that normalizes by the end of the first postpartum year. 15 Little is known about this entity, though it also may predict essential hypertension later in life. Finally, a very rare group of patients harbor activating mineralocorticoid receptor mutations that result in an exaggerated sensitivity to the usually weak effect of progesterone. 26 These women manifest early salt-sensitive hypertension, coincident with the rapid rise in progesterone production during the initial trimester.
The Clinical Spectrum of High BP in Pregnancy
Most women with chronic hypertension have uneventful gestations as long as their BP remains at (or is controlled to) levels considered "mild to moderate." In contrast, preeclampsia is associated with many serious complications. Thus, early and accurate recognition and differentiation of preeclampsia from other causes of high BP in pregnancy has important implications regarding management. A precise diagnosis, however, is not always possible, in which case it is best to manage the woman as if she has preeclampsia, which is the more serious disorder with a broad clinical spectrum.
Preeclampsia, a protean disorder that involves many organ systems, is primarily characterized by hypertension and proteinuria. The latter is defined by excretion of Ն300 mg/24 hours, a urine protein/creatinine ratio of Ն0.3, or a qualitative 1ϩ dipstick reading. The dipstick value of 1ϩ has many false-positive and false-negative results and is the least useful. 11, 19 Accurate, timed urine collections are very difficult to obtain during pregnancy, and, theoretically, a urine creatinine/protein ratio eliminates such errors. However, the accuracy of this test is still being investigated.
Preeclampsia may also be accompanied by rapid weight gain and edema, appearance of coagulation or liver function abnormalities, and occurs most often in nulliparas, usually after gestational week 20, and most frequently near term. Attempts have been made to categorize preeclampsia as "mild" or "severe" (Table 1) . 11, 27 The latter are often defined on the basis of BP levels (Ն110 mm Hg diastolic and 160 mm Hg systolic), the appearance of nephrotic range proteinuria, sudden oliguria, neurologic symptoms (eg, headache, hyperreflexia), and laboratory tests demonstrating thrombocytopenia (defined as Ͻ100,000 per microLiter), hemolysis, or abnormal liver function (including presence of schistocytes, hyperbilirubinemia, or elevated aspartate aminotransferase and lactic acid dehydrogenase levels), although the magnitude of proteinuria alone as a predictor of severity has been questioned. 27, 28 Because a woman with seemingly mild disease (eg, a teenage gravida with a BP of 140/90 mm Hg and minimal proteinuria) can suddenly convulse, designations such as mild and severe can be misleading. In fact, de novo hypertension alone occurring after mid-gestation in a nullipara is sufficient reason to manage the patient as if she were preeclamptic.
Early preeclampsia (onset Ͻ34 weeks' gestation) is associated with greater morbidity than when the disorder presents at term. In this respect, some suggest subdividing preeclampsia into two groups by time of onset because of differences in prognosis and management. 29 Such a distinction may be misleading, however, because all preeclampsia is potentially explosive.
The eclamptic convulsion, a dramatic and life-threatening complication of preeclampsia, was once associated with a maternal mortality of 30%. 13, 15 More recently, and primarily in developed nations, improved and aggressive obstetric management has decreased the occurrence of convulsions and made maternal deaths unusual. 31 In fact, the capricious nature of this disorder makes early hospitalization of women with suspected preeclampsia advisable. Most eclamptic convulsions occur prepartum, intrapartum, or within 48 hours postpartum, but there is an unusual entity labeled late postpartum eclampsia that occurs from 48 hours to several weeks after delivery. 32 One complication, affecting approximately 5% of women with preeclampsia that can progress rapidly to life-threatening condition, is the "HELLP" syndrome which is characterized by all or some of the following signs: Hemolysis, abnormal Elevation of Liver enzyme levels (aspartate aminotransferase and lactic dehydrogenase may increase quickly, the latter to Ͼ1,000 IU/dL), and Low Platelet counts (also evolving rapidly and decreasing to Ͻ40,000/ mL), with schistocytes present on the blood smear. 13, 15, 33 The HELLP syndrome may at first appear deceptively benign, with initial enzyme elevations and thrombocytopenia of borderline severity. Such presentations require inpatient management, often termination of the pregnancy if the disease progresses, and, although postpartum recovery is usually rapid, the disease may persist for almost a week.
Pathogenic Mechanism in Preeclampsia
Preeclampsia has been dubbed the disease of theories, but recent progress concerning pathogenesis of its clinical phenotypes suggests breakthroughs that may lead to accurate prediction, prevention, and better treatments. Discussion of all etiologic theories (ie, altered cell and molecular biology of the placenta, antioxidants, the systemic inflammatory response, humeral and immune factors, and cardiovascular maladaptations to gestation) is beyond the scope of this article and reviewed in detail by others. 8, 15, 34 The most plausible theories focus on the placenta and describe the disorder in two stages. In the first, the initiating cause results in the placenta producing factors (eg, specific proteins, trophoblastic debris) that enter the maternal circulation. The second stage, called maternal, is overt disease that depends not only on the action of these circulating factors, but also the health of the mother, including diseases that may affect the vasculature (preexisting cardiorenal, metabolic, and genetic factors; obesity). A promising research area in 2008 involved elucidation of the role of antiangiogenic factors produced by the placenta in the pathogenesis of preeclampsia phenotypes. 8,15,34 -36 Placentas of women destined to develop preeclampsia overproduce at least two antiangiogenic proteins that reach abnormally high levels in the maternal circulation. One soluble Fms-like tyrosine kinase 1 (sFlt-1) is a receptor for placental growth (PIGF) and vascular endothelial growth (VEGF) fac- The American College of Obstetrics and Gynecology bulletins utilize the terms "mild" and "severe" for our preferred "less" and "more" severe, so as to underscore diligence for any form of preeclampsia.
tors. Increased maternal sFlt-1 levels decrease circulating free PlGF and VEGF concentrations leading to endothelial dysfunction. The second antiangiogenic protein, soluble endoglin (sEng) may impair the binding of transforming growth factor-␤1 to endothelial receptors, thereby decreasing endothelial nitric oxide-dependent vasodilatation. Simultaneous introduction of adenoviruses encoding both sFlt-1 and sEng into pregnant rats produces severe hypertension, heavy proteinuria, elevated liver enzyme levels, and circulating schistocytes-in essence creating a powerful rodent model that simulates most of the protean manifestations of preeclampsia in humans and has obvious implications for the study of mechanisms and subsequent therapy of this disease. [35] [36] [37] The cause of placental overproduction of these proteins, however, remains an enigma. Research currently focusing on immunological mechanisms (eg, HLAG, natural killer cells, autoantibodies agonistic to the angiotensin I receptor), oxidative stress, mitochondrial pathology, and hypoxia genes. 8, 15, 34 In essence, research in this area, dormant for decades, is now quite promising.
The Multisystemic Pathophysiology and Pathology of Preeclampsia

BP and the Cardiovascular System
Hypertension in preeclampsia is due primarily to marked vasoconstriction, because both cardiac output and arterial compliance are reduced. 14, 15, 19 There is a reversal of the normal circadian rhythm, with the highest BP now at night, and a loss of the normal pregnancy-associated refractoriness to pressor agents; the sensitivity to infused Ang II increasing weeks before overt disease. 15 Explanations for the increased reactivity to Ang II include up-regulation of receptor sensitivity, synergy with circulating autoantibodies agonistic to the angiotensin type 1 receptor, 15, 34, 38, 39 and decreases in the level of circulating Ang 1-7. Increases in insulin resistance and sympathetic nervous system tone also occur and have been implicated in the vasoconstriction characteristic of preeclampsia. 15 
Kidney
As noted, renal hemodynamics increase markedly in normal gestation. Renal plasma flow (RPF) and GFR decrease in preeclampsia (ϳ25%); thus, values may still be above or at those measured in the nonpregnant state. 15 The decrement in RPF is attributable to vasoconstriction, whereas the fall in GFR relates both to the decrement of RPF and the development of a glomerular lesion termed glomerular endotheliosis (detailed elsewhere).
15,24,34,40
Placenta
Shallow and abnormal placentation is a hallmark of preeclampsia, highlighted by a failure of the normal trophoblastic invasion of the spiral arteries, these vessels failing to remodel and dilate. 41 This aberration underlies theories that restriction of placental blood flow leads to a relatively hypoxic uteroplacental environment, with subsequent events mediated through hypoxemia-induced genes resulting in the release of factors (eg, antiangiogenic proteins) that enter the mother's circulation and initiate the maternal syndrome.
Brain
The best descriptions of the gross and microscopic brain pathology in eclampsia can be found in the extensive autopsy series of Sheehan and Lynch, 42 because most of these necropsies were performed within 2 hours of death, thereby eliminating the rapid autolytic postmortem changes that might confound interpretation. They noted little evidence of brain edema and postulated that brain swelling was a late rather than a causal event. The major findings, however, were both gross and microscopic evidence of bleeding.
Previous controversy regarding the pathogenesis of eclampsia centered on whether it was a unique entity, due mainly to severe vasoconstriction (occasionally localized in the cerebral circulation) or more akin to hypertensive encephalopathy appears to have been resolved. Studies using sophisticated imaging techniques reveal increased cerebral blood flow in preeclamptic women, whereas data derived from animal models suggest that eclamptic women have increased perfusion pressures, perhaps exceeding the cerebral circulation's autoregulatory capacity, and that their vessels "leak" at perfusion pressures lower than what would be expected in nonpregnant subjects. 13, 15, 43, 44 Reports based on computed axial tomography and magnetic resonance imaging describe transient abnormalities consistent with localized hemorrhage or edema, 45 with the latter described as vasogenic and fully reversible, but occasionally "cytotoxic" accompanied by infarction with lesions that persist.
Liver and Coagulation Abnormalities
Preeclampsia is associated with activation of the coagulation system, with thrombocytopenia (usually mild) as the most commonly detected abnormality. There is increased platelet activation and size, plus decrements in their lifespan. The hypercoagulability of normal pregnancy is accentuated (eg, reduced antithrombin III, protein S, and protein C) even when platelet counts appear normal. 15, 46 However, occasionally, the coagulopathy can be severe, as detailed in the ominous HELLP syndrome discussed previously.
Preeclampsia also affects the liver. 13, 15 Manifestations include elevated aspartate aminotransferase and lactic dehydrogenase levels, the increments usually small, except when the HELLP syndrome supervenes. The gross hepatic changes in preeclampsia, also detailed in the autopsy series of Sheehan and Lynch, 42 are petechiae ranging from occasional to confluent areas of infarction, as well as subcapsular hematomas, some having ruptured and caused death. Hematomas were, however, unusual in a later study whose investigators assessed the liver laparoscopically. 47 The characteristic microscopic lesion is periportal, manifesting as hemorrhage into the hepatic cellular columns and at times concurrent infarction. Material obtained by laparoscopicguided biopsies show substantial intracellular fatty changes in all patients with preeclampsia, regardless of the severity of the disease. 46 However, autopsy and laparoscopy studies are by their nature quite selective.
Prediction and Prevention of Preeclampsia
Prediction
Numerous studies have evaluated tests to predict preeclampsia or to distinguish it from more benign hypertensive complications. They include evaluation of circulating or urinary markers and imaging techniques. In one large systematic literature review, the authors concluded that none of the screening methods tested through 2004 were clinically useful predictors of preeclampsia, and that analyzing combinations of tests might prove more valuable. 48 That review did not include a more recent literature assessing circulating or urinary antigenic and antiangiogenic proteins. The more recent studies have generated hope that combinations of sFlt-1, sEng, and PlGF will provide the sensitivities and likelihood ratios required for prediction of preeclampsia and may prove useful in its differential diagnosis as well. 49 Several of these studies demonstrated prediction with very high sensitivities, especially combinations of serum SFlt-1, sEng, and PlGF, but the vast majority of these data come from retrospective analyses of banked specimens from earlier trials. By early 2008, there were several ongoing prospective observational studies in progress.
Prevention
Numerous interventions have been proposed to prevent preeclampsia, usually predicated on theories that administration of a drug, mineral, or vitamin will inhibit or reverse a presumed causal mechanism. Systematic reviews through early 2008, however, identified only two interventions that have some minimal protective effects. 50 -52 Low-dose aspirin may reduce the incidence of preeclampsia approximately 10%, but the numbers needed to treat to avoid adverse outcomes are large. 51 Calcium supplementation has a small effect in populations with low dietary calcium intake (less than 600 mg/d). 52 In these latter populations, the incidence of the disorder does not decrease, but there are small but significant decrements in serious adverse advents including fetal demise. Supplementation with the antioxidant vitamins C and E has had no effects to date, and has even proved harmful in certain high-risk populations, though the largest of these trials (by 
Management
There are several unresolved controversies regarding treatment of the hypertensive disorders of pregnancy, and the hypertensive expert called to consult should be aware of them. If disagreements occur, it is prudent to note that it is the obstetrician who has been managing the pregnancy for months, who is responsible for both the mother's and fetus' outcomes and who may be required to defend bad outcomes to official committees and boards.
Preeclampsia-Eclampsia
Suspicion of preeclampsia is sufficient reason to recommend hospitalization, given the disease's potential to accelerate rapidly. 11, 13, 15, 55 This approach will minimize diagnostic error, diminish the incidence of convulsions, and improve fetal outcome. Because delivery remains the only known "cure," and maternal and fetal disease status may change rapidly, we recommend the following. Near term, induction of labor is the therapy of choice, whereas attempts to temporize should be made if pregnancy is at an earlier stage. If the latter decision is made, and BP rises to unacceptable levels, several antihypertensive agents considered safe in pregnancy are available and are discussed in the following sections (Table 2) . Delivery is indicated at any stage of pregnancy if severe hypertension remains uncontrolled for 24 to 48 hours or at the appearance of certain "ominous" signs such as clotting or liver abnormalities, decreasing renal function, signs of impending convulsions (headache, epigastric pain, and hyperreflexia), or the presence of severe growth retardation or nonreassuring fetal testing (Table 1) . Preeclampsia remote from term is a special situation in which the patients should be hospitalized and closely monitored in tertiary obstetric care centers (preferably those with prenatal close observation units), facilities not readily available to many practitioners. 56 Gestation is permitted to continue as long as BP is controlled, no ominous signs of life-threatening maternal complications occur, and in the absence of signs of nonreassuring fetal testing.
Sudden Escalating Hypertension and Imminent or Frank Eclampsia
Controversies remain as whether to and at what level to treat rapidly rising BP near term or during delivery (a phenomenon often indicating the appearance of pure or superimposed preeclampsia). There is further debate on how aggressively to lower the BP. The NHBPEP recommendations 11 state that diastolic levels Ͼ105 mm Hg require treatment (though some contemporary texts still recommend Ͼ110 mm Hg), with some reservations. Circumstances, such as a teenager whose recent diastolic levels were 70 mm Hg or lower, or patients demonstrating signs cardiac decompensation, or cerebral symptoms such as excruciating headache, confusion, or somnolence, warrant treatment at lower levels. 11, 13, 15 Management of eclamptic convulsions requires parenteral magnesium sulfate administration, which is shown to be superior to either diazepam or phenytoin for both prevention and treatment. 13, 15, 51, 57 However, there is no unanimity as when and who to treat prophylactically. Intravenous magnesium is not without hazard, and some contend its risks outweigh those associated with "mild" preeclampsia and that it should be reserved for women with severe disease. 58 Trials to settle these questions are still needed.
Chronic Hypertension
Most pregnant women with chronic hypertension have the "essential" variety, with their disease mild in nature and of recent origin. The majority of these gestations are uncomplicated, though outcomes are worse than women with normotensive pregnancies. 13, 15, 20 Chronic hypertension is associated with increased incidences of placental abruption, acute renal failure, cardiac decompensation, and cerebral accidents in the mother and of growth retardation and unexplained mid-trimester fetal death. Such events are mainly associated with superimposed preeclampsia, whose incidence in chronic hypertensives is Ն20%. 59 Risk for complications correlates with the age of the mother, the duration and degree of control of her high BP, and the presence of end-organ damage. Extremely obese women with chronic hypertension are at special risk for cardiac decompensation near term, and especially if volume loaded during labor. Echocardiography performed earlier in pregnancy may alert the physician to patients at risk with early evidence of ventricular dysfunction.
The approach to treatment of women with chronic hypertension is also controversial. Although all would treat women with severe hypertension, opinions vary as to whether to treat mild hypertension. In this respect, systemic reviews of randomized studies to date suggest that treatment of mild to moderate hypertension does not prevent superimposed preeclampsia or decrease adverse outcomes and may even result in smaller fetuses. 60 Treatment does appear to decrease hospitalization of the mother, especially related to loss of BP control. However, it also appears that many of the trials reviewed were incomplete and flawed; therefore, comparing them is difficult because of obvious heterogeneity. Better designed, more definitive trials are needed to resolve this issue.
Given these limitations, the NHBPEP and American College of Obstetricians and Gynecologists guidelines 11, 12 accept withholding antihypertensive drugs unless diastolic levels are above 100 mm Hg (but support treatment at lower levels if there is evidence of end-organ damage or specific risk factors such as underlying renal disease). In what may reflect the vagaries of consensus, they noted "endpoints" for reinstating treatment include exceeding threshold BPs of 150 to 160 mm Hg systolic and 100 to 110 mm Hg diastolic. However, subsequent retrospective analyses suggest that cerebral vascular accidents in women, especially with superimposed preeclampsia, may occur when systolic levels exceed 150 (and definitely 160) mm Hg and endorse the more firm suggestion that systolic levels be treated when they exceed 160 mm Hg. 31, 61 Antihypertensive Therapy
The reader is referred further to several reviews that include systematic analysis of trials and detailed discussions of when and how to treat hypertension during pregnancy. 13, 15, 49, 62, 63 To summarize, clinicians considering the prescription of antihypertensive drugs to pregnant women should be aware of several points. There have been only a few large, randomized multicenter trials. Most studies have been limited in scope, and many therapies were started after mid-gestation, when virtually all the risks of provoking congenital malformations have passed. Further, there are no rigorous animal testing requirements to be met before human trials are undertaken, including standardized means of evaluating the drug effect on the fetus' ability to withstand hypoxic stress or more complex analyses of morphologic and physiologic variables in newborn animal models. This state of affairs should be kept in mind when reviewing the literature on antihypertensive therapy in pregnancy. Tables  2 and 3 summarize the status of antihypertensive drugs during gestation, including their pregnancy risk categories (A to D, through X) as defined by the U.S. Food and Drug Administration.
Briefly, the NHBPEP report 11 designated the central adrenergic inhibitor methyldopa as the "preferred" drug of choice based on 20ϩ years of postmarketing surveillance, several controlled trials, and the longest follow-up (7.5 years) in neonates. Adrenergic blocking agents are associated with an increased incidence of fetal growth restriction though the effects are minimal, and many clinicians use the combined beta and adrenergic blocker labetalol. 15, 62 Theoretically, there may be synergism between magnesium sulfate and calcium-channel blocking agents leading to precipitous decreases in BP and even respiratory arrest, but this has not been borne by systematic review. 64 Other comments concerning these agents can be found in Tables 2 and 3 . Both angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers should not be prescribed to pregnant women. Until recently their class D, "black box" warning focused primarily on their association with fetopathy, including renal failure and death in the neonate. Because the fetal problems occurred related to events in the last two trimesters, some suggested the drug could be used through conception or the initial trimester in situations such as chronic hypertensives where discontinuing the ACE inhibitor or receptor blocker might result in critical difficulties in reestablishing control with perhaps early pregnancy loss (eg, a hypertensive class C diabetic receiving the drug at conception). However, it is now more apparent that these drugs are also associated with serious fetal anomalies 65 and should not be used early in gestation either.
Information on use of antihypertensive drugs during lactation remains limited. Drugs with high protein binding are preferred (eg, labetalol or propranolol over atenolol and metoprolol).
11,62 ACE inhibitors are important for treating proteinuric and diabetic patients and can be quickly be restarted. Diuretics may decrease breast milk production and should be withheld.
Other Management Considerations
Obstetrics management, including the current status of tests to monitor the fetus (eg, electronic fetal heart, monitoring, Doppler assessment of the uteroplacental circulation) is beyond the scope of this article and is discussed in the obstetric literature, including periodic bulletins issued by the American College of Obstetricians and Gynecologists.
Remote Prognosis
Results of several large epidemiologic studies demonstrate that women whose pregnancies were complicated by preeclampsia have more remote cardiovascular and metabolic diseases later in life than women who were normotensive during all of their pregnancies. 6,13,15,66 -68 It also appears that those women most likely to develop cardiovascular or metabolic diseases have had early preeclampsia (Ͻ34 weeks). 67 On the other hand, the few studies comparing the remote prognosis of previous preeclamptics to ageand gender-matched populations in the general population find minimal or no such increases. 15 The best interpretation of these findings is that preeclampsia is a risk marker of patients predestined to have future cardiovascular or metabolic disease. Such women, therefore, should have more frequent health check-ups and should be advised that lifestyle and dietary changes may minimize such problems in the future.
